Effect of Backup Ratio and Cutter Tip Radius on Uniform Bending Strength Design of Spur Gears  by Sekar, R. Prabhu & Muthuveerappan, G.
 Procedia Materials Science  5 ( 2014 )  1640 – 1649 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.352 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
(IIHFWRIEDFNXSUDWLRDQGFXWWHUWLSUDGLXVRQXQLIRUPEHQGLQJ
VWUHQJWKGHVLJQRIVSXUJHDUV
53UDEKX6HNDUD*0XWKXYHHUDSSDQE
D5HVHDUFK VFKRODU0DFKLQHGHVLJQVHFWLRQ'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ,QGLDQ,QVWLWXWHRI7HFKQRORJ\&KHQQDL,QGLD
E3URIHVVRUU0DFKLQHGHVLJQVHFWLRQ'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ,QGLDQ,QVWLWXWHRI7HFKQRORJ\&KHQQDL,QGLD
$EVWUDFW
,Q WKHKLJKHU VSHHG UDWLRDQGSURILOHVKLIWHGJHDUGULYHVWKHPD[LPXPILOOHWVWUHVV LQWKHSLQLRQDQGWKHJHDULVQRWHTXDO7KH
ORDGFDUU\LQJFDSDFLW\RI WKHJHDUGULYHVFDQ EH LPSURYHGE\UHPRYLQJ WKLV XQEDODQFHGPD[LPXPILOOHWVWUHVV7KLV SDSHU KDV
H[SODLQHG DQLGHDWRUHPRYHWKLV XQEDODQFHGPD[LPXPILOOHWVWUHVV DQGGHVLJQWKHVSXUJHDUGULYHVZLWKXQLIRUPILOOHWVWUHQJWK
7KLVXQLIRUPILOOHWVWUHQJWKRIWKHJHDUGULYHFDQ EH DFKLHYHG E\FKDQJLQJWKHWRRWKWKLFNQHVVRIEDVLFUDFNVRQWKHSLWFKOLQHV
IURPWKHVWDQGDUGWRRWKWKLFNQHVVʌPLQWRDQRQVWDQGDUGRQHNJFʌPNJF7KHLQIOXHQFHRIJHDUSDUDPHWHUVVXFKDV
EDFNXSUDWLRFXWWHUWLSUDGLXVDQGDGGHQGXPPRGLILFDWLRQIDFWRUV RQWKHPD[LPXPILOOHWVWUHVVKDVEHHQDQDO\]HGWKURXJK)(0
ZLWKGLIIHUHQWYDOXHVRIWRRWKWKLFNQHVVFRHIILFLHQWDQGILQDOO\WKHRSWLPXPYDOXHRIWRRWKWKLFNQHVVFRHIILFLHQWDUHVXJJHVWHGIRU
WKHJLYHQVSXUJHDUGULYHWKDWLPSURYHWKHILOOHWFDSDFLW\LQ EHQGLQJ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV )LQLWHHOHPHQWPRGHO/RDGVKDULQJUDWLR0D[LPXPILOOHWVWUHVV6SXUJHDU7RRWKWKLFNQHVVFRHIILFLHQW7RRWKORDGFDUU\LQJFDSDFLW\
&RUUHVSRQGLQJDXWKRU*0XWKXYHHUDSSDQ
(PDLODGGUHVV MPYU#LLWPDFLQ
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1641 R. Prabhu Sekar and G. Muthuveerappan /  Procedia Materials Science  5 ( 2014 )  1640 – 1649 
 0DLQWH[W
%HQGLQJ VWUHQJWKFDSDFLW\RI WKHJHDU LVD IXQFWLRQ RI WRRWK VWUHQJWKDQG ULPVWUHQJWK&UDFN LVRQH WKH IDLOXUH
PRGHLQWKHJHDUWRRWKWKDWLQLWLDWHVDWWKHWRRWKILOOHWDQGSURJUHVVWKURXJKWKHULP GXHWRKLJKPD[LPXPILOOHWVWUHVV
GHYHORSHG DW WKH ILOOHW UHJLRQ ,I WKH EDFNXS ULP WKLFNQHVV LV ORZ WKH URRW FUDFNZLOO SURSDJDWH WKURXJK WKH ULP
RWKHUZLVHWKHIDLOXUHPRGHDVWKHWRRWKURRWIDLOXUH7KHERWKWRRWKURRWDQGULPIDLOXUHVFDQEHUHGXFHGE\SURYLGLQJ
HQRXJKWRRWKURRWWKLFNQHVVDQGULPWKLFNQHVV *HQHUDOO\ WKHPD[LPXPILOOHWVWUHVVHVLQWKHSLQLRQDQGWKHJHDULV
GLIIHUHQW LQWKH KLJKHUJHDUUDWLRDQGSURILOHVKLIWHGJHDUGULYHV
1RPHQFODWXUH
DZ &HQWHUGLVWDQFHIRUFRUUHFWHGJHDUVPP
( <RXQJ¶VPRGXOXV03D
KD $GGHQGXPRIWKHJHDU
KI GHGHQGXPRIWKHJHDU
L *HDUUDWLR
NJF 7RRWKWKLFNQHVVFRHIILFLHQWRQWKHSLWFKOLQHRIWKHEDVLFUDFNIRUJHDU
NSF 7RRWKWKLFNQHVVFRHIILFLHQWRQWKHSLWFKOLQHRIWKHEDVLFUDFNIRUSLQLRQ
P 0RGXOHPP
P% %DFNXSUDWLR
SE %DVHSLWFKPP
UDJ 5DGLXVDWWKHDGGHQGXPFLUFOHRIWKHJHDU
UEJ 5DGLXVDWWKHEDVHFLUFOHRIWKHJHDU
7 ,QSXWWRUTXH1PP
[S $GGHQGXPPRGLILFDWLRQIDFWRUIRUSLQLRQ
[J $GGHQGXPPRGLILFDWLRQIDFWRUIRUJHDU
]J 1XPEHURIWHHWKLQWKHSLQLRQ
]S 1XPEHURIWHHWKLQWKHJHDU
Į 3UHVVXUHDQJOHDWSLWFKSRLQW'HJUHH
ĮZ 3UHVVXUHDQJOHDWUHIHUHQFHOLQHIRUWKHFRUUHFWHGJHDUV'HJUHH
İ FRQWDFWUDWLR
Ȗ 3RLVVRQ¶VUDWLR
ȡ &XWWHUWLSUDGLXV
VWPD[ 0D[LPXPILOOHWVWUHVV03D
$EEUHYLDWLRQV
)(0 )LQLWHHOHPHQWPRGHO
+367& +LJKHVWSRLQWRIVLQJOHWRRWKFRQWDFW
+37& +LJKHVWSRLQWRIWRRWKFRQWDFW
/367& /RZHVWSRLQWRI VLQJOHWRRWKFRQWDFW
/37& /RZHVWSRLQWRIWRRWKFRQWDFW
1642   R. Prabhu Sekar and G. Muthuveerappan /  Procedia Materials Science  5 ( 2014 )  1640 – 1649 
/65 /RDGVKDULQJUDWLR
1&5 1RUPDOFRQWDFWUDWLR
7KLVGLIIHUHQFHLVFDOOHGLQHTXDOLW\RIWKHPD[LPXPILOOHWVWUHVVHV7KHORDGFDUU\LQJFDSDFLW\FDQEH DOVR LPSURYHG
E\ UHPRYLQJ WKH LQHTXDOLW\ RI WKH PD[LPXP ILOOHW VWUHVV 7KLV SDSHU SUHVHQWV DQ LGHD WR UHPRYH WKLV LQHTXDOLW\
WKURXJKFKDQJLQJWKHWRRWKWKLFNQHVVRIWKHEDVLFUDFNIURPVWDQGDUGLQWRQRQVWDQGDUGGHVLJQ 7KHXQLIRUPILOOHW
VWUHQJWKRIWKHJHDU GULYHFDQEHDFKLHYHGE\FKDQJLQJWKHWRRWKWKLFNQHVVRIEDVLFUDFNVRQWKHSLWFKOLQHVIURPWKH
VWDQGDUG WRRWK WKLFNQHVV ʌP LQ WR D QRQVWDQGDUG RQH NJFʌP NJF DQG WR ILQG D VXLWDEOH YDOXH RI NJF WR
VDWLVI\WKHFRQGLWLRQWKDWWKHSLQLRQDQGWKHJHDUKDYHHTXDOWKHPD[LPXPILOOHWVWUHVVHV,WLVFDOOHGDVWKHXQLIRUP
URRWVWUHQJWKGHVLJQLQWKLVSDSHU &HOLN KDVVKRZHGWKDWWKHVSXUJHDUWHHWKGHIOHFWLRQVDQGPD[LPXPILOOHW
VWUHVVHVZHUHHVWLPDWHGIRUWKUHHWHHWKPRGHOZKLFKKDYHIDYRUDEO\DJUHHGZLWKDQDORJRXVUHVXOWVREWDLQHGE\VWUDLQ
JDXJHH[SHULPHQWVRIWKHVSXUJHDU :DQJDQG+RZDUG  KDYHZRUNHGRQ/65IRUQRUPDOFRQWDFWUDWLR1&5
VSXUJHDUVFRQVLGHULQJWRUVLRQDOVWLIIQHVVRIVSXUJHDUV6KXWLQJ/L KDVLQYHVWLJDWHGWKHHIIHFWRIDGGHQGXPRQ
WRRWKFRQWDFWVWUHQJWKDQGEHQGLQJVWUHQJWKRIVSXUJHDUVEDVHGRQWKH/65XVLQJ'PXOWLSDLUFRQWDFWPRGHO$Q
DWWHPSWKDVEHHQPDGHE\ '90XQLDQG0XWKXYHHUDSSDQ IRUWKHHTXDOILOOHWVWUHVVHVRQWKHSLQLRQDQGJHDU
GULYHV
,QWKLVSUHVHQWZRUNWKHPD[LPXPILOOHWVWUHVVHVGHYHORSHGLQWKHJHDUWHHWKJHQHUDWHGE\WKHVWDQGDUGNJF 
DQGQRQVWDQGDUGNJFUDFNFXWWHUVDUHFRPSDUHGDQGXVLQJWKHVHQRQ VWDQGDUGUDFNFXWWHUVDQDWWHPSWKDVEHHQ
VXFFHVVIXOO\PDGHWR GHVLJQDQGRSWLPL]HWKHVSXUJHDUGULYHZKLFKGHYHORSVDEDODQFHGILOOHWVWUHVVLQWKHSLQLRQ
DQGJHDU ,Q WKLVDSSURDFKRQO\ WZRQRQVWDQGDUGUDFNFXWWHUVDUHGHYHORSHGRQHIRU WKHSLQLRQDQGRWKHU IRU WKH
JHDU IRU DQ\ JLYHQ FHQWHU GLVWDQFH RI D GULYH 6HYHUDO VHWV RI SLQLRQ DQG JHDU WRRWK SURILOHV IRU WKH JLYHQ FHQWHU
GLVWDQFH DQG JHDU UDWLR KDYH EHHQ JHQHUDWHG XVLQJ WKHVH QRQVWDQGDUG FXWWHUV E\ JLYLQJ GLIIHUHQW FRPELQDWLRQ RI
WRRWK WKLFNQHVVFRHIILFLHQWV NSF DQGNJF  IRU WKHSXUSRVHRIVWUHVVDQDO\VLV)LQDOO\ WKH LQIOXHQFHRIEDFNXSUDWLR
FXWWHUWLSUDGLL DQGDGGHQGXPPRGLILFDWLRQIDFWRUSURILOHVKLIWRQWKHPD[LPXPILOOHWVWUHVVRQWKHJHDUSDLUVZLWK
UHOHYDQFHWRRSWLPXPGHVLJQKDVDOVREHHQLQYHVWLJDWHG
 7RRWKHQJDJHPHQWSRVLWLRQVDQGWRRWKWKLFNQHVVFRHIILFLHQW
 7RRWKHQJDJHPHQWSRVLWLRQVRI1&5VSXUJHDUGULYHV
,QWKHQRUPDOFRQWDFWUDWLRVSXUJHDUGULYHVİWKHWZRSDLUVRIWHHWKFRPHVLQFRQWDFWDWWKHEHJLQQLQJRI
WKHFRQWDFWVXFKDVRQHDWKLJKHVWSRLQWRIWRRWKFRQWDFW+37&DQGWKHRWKHUDWORZHVWSRLQWRIVLQJOHWRRWKFRQWDFW
/367&RIWKHJHDUDVVKRZQLQ)LJ'XULQJWKHFRXUVHRIDFWLRQ WKHOHDGLQJSDLU OHDYHVWKHFRQWDFWDW ORZHVW
SRLQW RI WRRWK FRQWDFW /37& DQG KHQFH RQO\ RQH SDLU QDPHO\ WUDLOLQJ SDLU LV WUDQVPLWWLQJ WKHPRWLRQ IURP WKH
KLJKHVW SRLQW RI VLQJOH WRRWK FRQWDFW +367& WR WKH ORZHVW SRLQW RI VLQJOH WRRWK FRQWDFW /367& XQWLO DQRWKHU
LQFRPLQJ SDLU HVWDEOLVKHV WKH FRQWDFW DW+37& WR LQLWLDWH WZR SDLUV LQ FRQWDFW DJDLQ 7KH UDGLL RI WKHVH GLIIHUHQW
FRQWDFWSRVLWLRQVDUHH[SUHVVHGDV
 ൌ  
 ൌ  ൅ ሺ െ ሻ ൅  െ  
 ൌ  ൅  െ  െ  
 ൌ  ൅  െ  െ  
1643 R. Prabhu Sekar and G. Muthuveerappan /  Procedia Materials Science  5 ( 2014 )  1640 – 1649 
 ൌ  െ  ൅  െ  െ   Ƚ 
7KHUHJLRQV$%DQG&'DUHWKHGRXEOHSDLUFRQWDFWUHJLRQVDQGWKHUHJLRQ%&LVDVLQJOHSDLUFRQWDFWUHJLRQ7KH
VWUHVVGHYHORSHGDWWKHILOOHWUHJLRQLVPD[LPXPZKHQWKHWRRWKLVORDGHGDWWKH+367&GXHWRWKHKLJKHVWPRPHQW
DUP6RWKLVSRVLWLRQLVFDOOHGDVWKHFULWLFDOORDGLQJSRVLWLRQRUZRUVWORDGSRVLWLRQE\UHVHDUFKHUV
)LJ 7RRWKHQJDJHPHQWSRVLWLRQVRI1&5VSXUJHDUGULYHV
 7RRWKWKLFNQHVVFRHIILFLHQWRIUDFNFXWWHU
)LJ D $V\PEROLFVWDQGDUGUDFNFXWWHUNJF E $V\PEROLFQRQVWDQGDUGUDFNFXWWHUNJF! 
)LJVKRZVDFURVV VHFWLRQDOVKDSHRI WKHEDVLF UDFNFXWWHUZKLFK LVXVHG WRJHQHUDWH WKH WRRWKSURILOHV RI WKH
JHDUWRRWK,IWKHWRRWKWKLFNQHVVRQWKHSLWFKOLQHRIWKHUDFNFXWWHUIRUWKHJHDULVGHQRWHGE\NJFʌPDQGWKHWRRWK
VSDFHRQWKHSLWFKOLQHRIWKHUDFNLVGHQRWHGE\NJF ʌP+HUHNJF LVQDPHGDVWKHWRRWKWKLFNQHVVFRHIILFLHQWRI
D E
1644   R. Prabhu Sekar and G. Muthuveerappan /  Procedia Materials Science  5 ( 2014 )  1640 – 1649 
WKHEDVLF UDFNIRUJHDU7KHYDOXHNJF PHDQVWKDWWKHFXWWHULVFDOOHGDVVWDQGDUGUDFNFXWWHUDQGLINJFLWLV
FDOOHGDVQRQ VWDQGDUGUDFNFXWWHU7KHVWDQGDUGDQGQRQVWDQGDUGUDFNFXWWHUVDUHVKRZQLQ)LJVDDQGE7KH
WRRWKWKLFNQHVVFRHIILFLHQWRI WKHUDFNIRUSLQLRQLVGHQRWHGDVNSF NSF NJF
 0XOWLSDLUFRQWDFWILQLWHHOHPHQWPRGHO
7KHLQYROXWHJHDUWRRWKSURILOHLVGHYHORSHGE\XVLQJVWDQGDUGDQGQRQVWDQGDUGUDFNFXWWHUVIURPWKHJLYHQEDVLF
JHDUSDUDPHWHUV VXFKDV WKHSUHVVXUHDQJOHPRGXOH WHHWKQXPEHUDQGDGGHQGXPFRUUHFWLRQ ,Q WKHSUHVHQWZRUN
FRPPHUFLDOVRIWZDUH$16<6LVXVHGIRU PRGHOLQJDQGDQDO\VLVSXUSRVH 7KH'ILQLWHHOHPHQWPRGHORIVSXU
JHDUGLVSOD\HGLQ)LJD LVDWKUHHWHHWKIXOOULPFRQWDFWPRGHOZKLFKLVXVHGWRFDUU\RXWWKHDQDO\VLV $KLJKHU
RUGHU' 3/$1( QRGGHGTXDGULODWHUDO HOHPHQWKDYLQJ WZRGHJUHHVRI IUHHGRPSHU QRGHKDVEHHQXVHG WR
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NJF 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VWUHQJWKGHVLJQLQWKLVSDSHU 7KHPD[LPXPVWUHVVLVGHYHORSHGDWWKHILOOHW UHJLRQZKHQWKHSLQLRQRUJHDULVORDGHG
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 0D[LPXPILOOHWVWUHVVDQDO\VLVIRUXQLIRUPEHQGLQJVWUHQJWK ± DSDUDPHWULFVWXG\
$GHWDLOHGSDUDPHWULFVWXG\KDVEHHQLQYHVWLJDWHGLQWKLVSDSHUWR EDODQFHWKHıWPD[ LQWKHSLQLRQDQGWKHJHDUIRU
GLIIHUHQWYDOXHVRIJHDUSDUDPHWHUVVXFKDVP%ȡ[S DQG[J7KHJHDUSDUDPHWHUVXVHGIRUWKLVSDUDPHWULFVWXG\DUH
VKRZQLQ7DEOH
7DEOH*HDUSDUDPHWHUV IRUDSDUDPHWULFVWXG\
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 ,QIOXHQFHRIEDFNXSUDWLR P%
7KHERWK WRRWK VWUHQJWK DVZHOO DV WKH ULP VWUHQJWKGHILQHV WKH EHQGLQJ FDSDFLW\RI JHDU WRRWK ,Q WKH WKLQ ULP
JHDUVWKHEHQGLQJIDWLJXHIDLOXUHRFFXUVDORQJWKHULPUDWKHUWKDQWKHURRWILOOHW +HQFHDQHVWLPDWLRQRIRSWLPXP
ULP WKLFNQHVV EHFRPHV LPSRUWDQW LQ WKH FRPSDFW VL]H DQG ORZZHLJKW GHVLJQ FRQVLGHUDWLRQ DSSOLFDWLRQV7KH ULP
WKLFNQHVVFDQDOWHUE\YDU\LQJWKHRQHJHDUSDUDPHWHUFDOOHGDVEDFNXSUDWLR,WLVGHILQHGDVWKHUDWLRRIULPWKLFNQHVV
WRWKHZKROHGHSWKRIWKHWRRWK 7KH )LJV DDQGEVKRZWKHWKLFNDQGWKLQULPJHDUWRRWKPRGHO
 ൌ


ሺ͸ሻ
7KHRSWLPXPYDOXHRINJ DQGıWPD[ GHWHUPLQHGIRUGLIIHUHQWEDFNXSUDWLRVP%E\NHHSLQJPĮ] L KD[S DQG
[J XQFKDQJHGDUHVKRZQLQ )LJ ,W LVIRXQGWKDW WKHUHLVQRFKDQJHLQWKHWURFKRLGDODQGLQYROXWHSURILOHVRIWKH
JHDUWRRWKGXHWRFKDQJHWKHP% YDOXHV $FFRUGLQJO\WKHRSWLPXPNJF YDOXHGRHVQRWFKDQJHZLWKUHVSHFWWRP% %XW
WKHEDODQFHGPD[LPXPILOOHWVWUHVVLVORZHULQWKHWKLFNULPJHDUGULYHP% ıWPD[ 03DNJF 
WKDQ WKDW RI WKLQ ULP JHDU GULYH P%  ıWPD[  03D NJF  ZKLFK LV GXH WR WKH PLQLPXP
GHIRUPDWLRQRI WKHJHDUERG\ LQ WKH WKLFN ULPJHDUV7KHPD[LPXP ILOOHW VWUHVV LVGHYHORSHGQHDU WKH ULP VHFWLRQ
ERWWRPSRUWLRQDWWKHILOOHWLQWKLQULPJHDUVDQGLWPRYHVWRZDUGVWRSSRUWLRQZLWKLQFUHDVHWKHEDFNXSUDWLRZKHQ
WKHJHDUSDLUORDGHGDWWKH+367& )LJ F
 ,QIOXHQFHRIFXWWHUWLSUDGLXV
7KHVKDSHRIWKHUDFNFXWWHUVZLWKGLIIHUHQWFXWWHUWLSUDGLLDUHVKRZQ)LJVDDQG EZKLFKDUHXVHGWRJHQHUDWH
WKHJHDUWRRWKSURILOHV7KHILOOHWSURILOHJHQHUDWHGE\WKHIXOOURXQGUDFNFXWWHULVPRUHXQLIRUPWKDQWKDWRIFXWWHU
KDYLQJ WKH WLS UDGLXV ȡRIPDQGP$V WKHFXWWHU WLS UDGLXV LQFUHDVHV WKH UDGLXVRIFXUYDWXUHRI WKH ILOOHW
SURILOHLQFUHDVHVEXWWKHUHLVQRFKDQJHLQWKHLQYROXWHSURILOHREVHUYHG7KHUHTXLUHGNJF YDOXHWREDODQFHWKHıWPD[
LQJHDUGULYHLQFUHDVHWRDVWKHFXWWHUWLSUDGLLLQFUHDVHDQGWKHUHVSHFWLYHEDODQFHGıWPD[ KLJKHULQ
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WKHILOOHWUHJLRQZKLFKLVJHQHUDWHGE\WKHFXWWHUKDYLQJWKHWLSUDGLXVPDQGPWKDQWKHIXOOURXQGUDFNFXWWHU
ZKLFKLVPDLQO\GXHWRWKHKLJKHUVWUHVVFRQFHQWUDWLRQLQILOOHWUHJLRQ )LJF
)LJ D7KLFNULP JHDUE7KLQULPJHDUF0D[LPXPILOOHWVWUHVVSRVLWLRQIRUGLIIHUHQWEDFNXSUDWLR
)LJ ,QIOXHQFHRIEDFNXSUDWLRP%P L ]S Į RKD P[S [J  DQGIXOOURXQGWLS
D E F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)LJ ,QIOXHQFHRIFXWWHUWLSUDGLLȡP L ]S Į RKD P[S [J P% D3DUWLDOURXQGFXWWHUE)XOOURXQGFXWWHUF
7RRWKWKLFNQHVVFRHIILFLHQWNJF9VıWPD[
 ,QIOXHQFHRIDGGHQGXPPRGLILFDWLRQIDFWRU
7KHUHVSHFWLYHYDOXHVRINJ IRUXQLIRUPEHQGLQJVWUHQJWKGHVLJQDQGıWPD[ DUHGHWHUPLQHGE\JLYLQJWKHSRVLWLYH
FRUUHFWLRQ [S WR WKHSLQLRQ DQGQHJDWLYHFRUUHFWLRQ [J WR WKHJHDU LQ WKH UHVSHFWLYHJHDUGULYHV66 DQG6R IRU
L  DV VKRZQ LQ )LJ  $V WKH YDOXHV RI [S LQFUHDVH LQ WKH 6 GULYH WKH RSWLPXP YDOXHV RI NJF GHFUHDVH
DFFRUGLQJO\WKHEDODQFHGıWPD[ YDOXHVDOVRGHFUHDVHGXHWRLQFUHDVHWKHFRUUHFWLRQYDOXHWRWKHSLQLRQDORQH,QWKH
6 GULYH'XHWRFKDQJHLQWKHYDOXHRI[JWKHRSWLPXPYDOXHVRINJF DOVRGHFUHDVHDQGDVOLJKWYDULDWLRQRIEDODQFHG
ıWPD[ LVREVHUYHGIURPWKH)LJ%XWLQWKH6R GULYHWKHSRVLWLYHFRUUHFWLRQ[S OHDGVWRLQFUHDVHWKHSLQLRQ
WRRWK WKLFNQHVV DQG WKH HTXDO QHJDWLYH FRUUHFWLRQ [J  GHFUHDVH WKH JHDU WRRWK WKLFNQHVV DQG GXH WR WKLV
FRPELQHGHIIHFWWKHNJF YDOXHUHTXLUHGWREDODQFHWKHıWPD[ DWWKHSLQLRQDQGJHDUSDLUGHFUHDVHNJF EH\RQG
NJF  7KDWPHDQVNJF  LW LQFUHDVH WKH WRRWK WKLFNQHVVRI WKHJHDUDQGGHFUHDVH WKH WRRWK WKLFNQHVVRI WKH
SLQLRQ )URPWKHVHWKUHHFDVHVWKHSRVLWLYHFRUUHFWLRQJLYHQWRWKHSLQLRQDORQH6 GULYHLVDGYLVDEOH͘
F
D E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)LJ ,QIOXHQFHRIDGGHQGXP PRGLILFDWLRQIDFWRUP L ]S Į RKD PP% IXOOURXQGWLS
 5HVXOWVDQGGLVFXVVLRQV
,QWKHSUHVHQWVWXG\DGHWDLOHGLQYHVWLJDWLRQRQWKHPD[LPXPILOOHWVWUHVVDQGWKHWRRWKWKLFNQHVVFRHIILFLHQWRI
UDFNFXWWHUIRUJHDUNJFRQ1&5VSXU JHDUGULYHVKDYHEHHQFDUULHGRXWE\XVLQJPXOWLSDLUFRQWDFWPRGHO7KH
IROORZLQJREVHUYDWLRQVDUHPDGHIURPWKH)(0DQDO\VLV
 ,QWKHKLJKHUJHDUUDWLRDQGSURILOHVKLIWHGJHDUGULYHV WKHıWPD[ RQWKHSLQLRQDQGWKHJHDULVQRWHTXDO
7KLVGLIIHUHQFHRI ıWPD[ LVFDOOHG LQHTXDOLW\RIPD[LPXP ILOOHW VWUHVVRI WKHJHDUSDLU7KLV LQHTXDOLW\ LV
UHPRYHG E\ FKDQJLQJ WRRWK WKLFNQHVV FRHIILFLHQW RI WKH UDFN FXWWHU IURP VWDQGDUG RQH NJF  WR QRQ
VWDQGDUGNJF
 'XH WRFKDQJH WKHNJF YDOXHV IURP WRKLJKHUYDOXHV WKHıWPD[ GHFUHDVHV FRQWLQXRXVO\ LQ WKHSLQLRQ
DQGLQFUHDVHVLQWKHJHDU7KLVLQHTXDOLW\ RIıWPD[ LVEDODQFHGDWNJF IRUL 
 $VWKHP% YDOXHVLQFUHDVHWKHRSWLPXP NJF YDOXHGRHVQRWFKDQJHDQGWKHEDODQFHG ıWPD[ GHFUHDVHEHFDXVH
RIPLQLPXPGHIRUPDWLRQRIJHDUERG\LVREVHUYHGIRUWKHKLJKHUYDOXHVRI P%
 :KHQWKHUHLVDQ LQFUHDVHLQ ȡ WKHRSWLPXPNJF LQFUHDVHDQGWKHFRUUHVSRQGLQJEDODQFHG ıWPD[ GHFUHDVH
GXHWR ORZHUWKHVWUHVVFRQFHQWUDWLRQLQWKHILOOHWUHJLRQ
 7KHSRVLWLYHFRUUHFWLRQ JLYHQ WRWKHSLQLRQDQGWKHQHJDWLYHFRUUHFWLRQ JLYHQ WRWKHJHDU GHFUHDVHWKHERWK
NJF YDOXHV DQGWKHUHVSHFWLYH ıWPD[
5HIHUHQFHV
0&HOLN 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